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Numerous thermoelectric materials have been developed, but only some of them suitable for 
high temperature utilization. To such materials belong thermoelectric Half-Heusler phases (HH) that 
crystallize in cubic F-43m space group (SG) and MgAgAs structure type (ST). Recent investigations 
of these materials [1-3] showed that the formation of nanoinclusions (precipitates) of Full-Heusler 
phase (FH) inside the Half-Heusler matrix is the new way to significant improvement of their ther-
moelectric figure of merit (Z). Such improvement is caused by the formation of additional centers of 
phonon scattering on the grain boundaries due to the deformation of the crystal structure and for-
mation of point defects. To check the solubility of additional Ni atoms in TiNiSn Half-Heusler 
phase and shed a light on the crystal and electronic structure of TiNiSn-TiNi2Sn grain boundaries 
the DFT modeling was performed. 
The first principles DFT calculations were carried out using Elk v2.3.22 package [4] – an all-
electron full-potential linearized augmented-plane wave (FP-LAPW) code with Perdew-Burke-
Enzerhoff exchange-correlation functional in generalized gradient approximation (GGA) [5]. 
The APW basis set cut-off used in the calculations was set to 190 eV, and the k-grid was equal or 
higher than 20×20×10 k-points. Before the final total energy calculations the geometry of the initial 
structures (lattice vectors and atomic coordinates) was completely relaxed. The proper values of 
the muffin-tin radii were selected automatically at the initial stage of the calculations. In general 
case the enthalpy of formation (∆H) at T = 0 K was calculated according to the following formula: 
∆H (meV/atom) = 103 (Etot(TiaNibSnc) - a (Etot(Ti)/j) - b (Etot(Ni)/k) – c (Etot(Sn)/l))/(a + b + c), 
where a, b, c – number of each type of atoms in the crystal lattice of compound used in calculations; 
j, k, l – number of atoms in the crystal lattice of Ti, Ni, and Sn, respectively, used in calculations; 
Etot – the total energy of compound in eV. For the thermodynamic calculations the entropy of mix-
ing and appropriate temperature were taken into account. VESTA package was used for visualiza-
tion of the electron localization function distribution. 
The results of the thermodynamic calculations showed that the solubility of additional Ni at-
oms in TiNiSn depends on the temperature (Fig. 1a). At 0 K the formation of interstitial solid solu-
tion TiNi1+xSn is practically absent and at 1073 K two local minima appear on the curve of 
the thermodynamic potential. At intermediate temperature (673 K) the local minimum is observed 
only from the TiNi2Sn phase and this result is in a good agreement with experimental results [6]. 
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Fig. 1. The distribution of the thermodynamic potential (∆G) in TiNi1+xSn solid solution (a) 
and the total density of electronic states (DOS) in TiNiSn-TiNi2Sn structure (b) 
 
The modeling of the coherent grain boundary between TiNiSn and TiNi2Sn phases was per-
formed by partial diffusion of Ni atoms of TiNiSn phase with formation of TiNi2Sn phase (Fig. 2). 
The crystal structure optimization of this system showed that the values of the lattice parameter of 
TiNi2Sn subcell are in the range 0.60766÷0.67062 nm. The values of the lattice parameter of TiNiSn 
subcell are in the range 0.58693-0.58686 nm. This difference in crystal structure geometry leads to 
the deformation of the initial structure and shifting of atoms from original positions (Fig. 2). Such 
deformation causes additional scattering of phonons and affects the lattice thermal conductivity 
term.  
The analysis of the density of states distribution (Fig. 1b) revealed the presence of the addi-
tional band in the energy gap at Fermi level. This result predicts lowering of the electrical resistivity 
with formation of TiNi2Sn nanoinclusions in the matrix of TiNiSn semiconductor. Significant dif-
ference of the electronic structure inside the grains of TiNiSn and TiNi2Sn and at their boundaries 
opens the new way for improvement of the thermoelectric performance of Half-Heusler materials.  
The distribution of the electron localization function (γ) (Fig. 3) shows that its localization 
between Ni and Sn strongly depends on the fragment (subcell) of the structure. In the FH subcell 
the localization is rather low and indicates mainly metallic bonding between Ni and Sn atoms. 
In the intermediate subcell (FH/HH) the bonding between Ni and Sn atoms is stronger and in the 
HH subcell electron localization function between them has the highest values. This indicates high 
impacts of the covalent bonding on the structure formation. Similar electron localization function 
distribution takes place between Ti and Ni atoms. 
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Fig. 2. The initial and the relaxed model of the TiNiSn-TiNi2Sn crystal structure 
 
 
Fig. 3. Distribution of the electron localization function along the lattice plane in TiNiSn-
TiNi2Sn structure 
 
The DFT calculations allowed us to explain and predict the structure and physical properties 
of the Half-Heusler material with Full-Heusler precipitates and gave the key for modeling of new 
thermoelectric materials with promising thermoelectric performance. 
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